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I. INTRODUCTION
It is well known that for such test diatomics as alkali dimers the calculated potential energies agree well enough with the experimental ones ͑see Ref. 1 , and references therein͒. However, ab initio calculations are still less effective in reproducing intensities in molecular spectra arising from excited electronic states. At the same time, such radiative quantities as transition dipole moments (R), the corresponding lifetimes and intensity data represent, along with permanent electric dipole moments, a different and, in many cases, an extremely useful test of the validity of calculation methods and of the accuracy of molecular constant sets. This situation reflects the fact that one may expect considerable electron charge redistribution within particular molecular configurations without any substantial impact on the energy of the system. 2 First results obtained in the pioneering papers on homonuclear alkali dimer Na 2 appeared to be quite promising since a very good agreement between empirical 3,4 and calculated 5 (R) has been achieved. It was, however, not the case with the transition dipole moment function (R) for a heteronuclear diatomic molecule NaK. Indeed, a considerable ͑though not large͒ discrepancy comes to light if one compares the absolute values of empirical transition dipole moments reported for D 1 ͟ -X 1 ͚ ϩ transition in the NaK molecule by Pfaff, Stock and Zevgolis ͑PSZ͒ in Ref. 6 ϩ transition dipole moment (R) given by RKS. At the same time, the (R) behavior for low lying singlet states of NaK is of general interest because of the much more pronounced R dependence due to the partially ionic character of charge distribution.
It was not easy to judge whether the measured empirical ͑PSZ, KN, DDNS͒ or the calculated ͑RKS͒ and values are responsible for such a discrepancy. This circumstance stimulated us to undertake in the present work an attempt to obtain more accurate empirical (R) data, as well as to carry out ab initio all-electron calculations using many-body multipartitioning perturbation theory ͑MPPT͒, 9 which seems to be more adequate for the description of core-valence correlations than previously used pseudopotential schemes. 2 To obtain more reliable absolute values of the empirical D-X (R) function for D 1 ͟ -X 1 ͚ ϩ transition, we have performed lifetime v Ј J Ј measurements in a wide range of NaK D 1 ͟ state vibrational levels vЈ varying from 1 to 22. These data, along with somewhat corrected D 1 ͟ -X 1 ͚ ϩ transition relative intensities taken from Ref. 6 , have been processed simultaneously in order to gain the empirical D-X (R) function. An improved method to invert the experimental lifetimes into the (R) function has been applied in order to get the empirical B 1 ͟ -X 1 ͚ ϩ transition dipole moment. In ad-dition, we have undertaken a detailed theoretical study of the transition moment functions at the ab initio all-electrons level with accurate treatment of core-valence electron effects.
II. EXPERIMENTAL RESULTS
The most straightforward and well-developed method to measure excited state lifetimes is, of course, to record directly the fluorescence decay kinetics after pulsed laser excitation. It is however also possible, after careful examination of distorting factors, to gain 1 ͟ state lifetime data from the electric radio frequency-optical double resonance ͑rf-ODR͒ signal contours. The idea of such a method is very simple and goes back to Refs. 10-12. Since each rotational level JЉ in the ground X 1 ͚ ϩ state has a definite parity, due to parity selection rule the laser induced transition D 1 ͟(vЈ,JЈ) ←X 1 ͚ ϩ (vЉ,JЉ) excites only one (e or f ) component of the 1 ͟ state ⌳ doublet. This is why only the ( P,R)-doublet lines are emitted at P-or R-type excitation, while, on the contrary, only the Q-singlet lines can be found in the laser induced fluorescence ͑LIF͒ spectrum after Q-type excitation. If the external ac electric field frequency is swept in the vicinity of ⌳-splitting energy ⌬ e f , due to electric dipole e↔ f transitions one can observe either the resonant appearance of a ''forbidden'' line in the LIF spectrum, or the resonant diminution of ''allowed'' line intensity, thus giving rise to the respective rf-ODR signals, see Fig. 1 , centered at the resonance frequency f 0 ϭ⌬ e f /h.
To obtain NaK D 1 ͟ state v Ј ,J Ј values, we have exploited the same rf-ODR setup used previously 13, 14 for the purpose of ⌳-splitting energy determination. Briefly, Ar ϩ -laser lines ͑Table I͒ have been used to excite a number of D 1 ͟(vЈ,JЈ) levels of NaK molecules formed in thermal cells at temperatures Tϭ525-575 K. The identification of
LIF progression has been based upon the data reported in Ref. 15 . rf electric field voltage ͑usually up to 5 V͒ was applied to round polished Stark electrodes placed inside the cell with the spacing ϳ1 mm and swept over the 5-900 MHz range. A monochromator with spectral resolution ϳ0.03 nm was used to single out the wavelength corresponding to either ''forbidden'' or ''allowed'' line position in LIF spectra. The rf voltage supply scheme was carefully adjusted to avoid parasitic noise and to achieve constant rf electric field amplitude over the frequency sweeping region across the resonance position.
The rf-ODR signal shape I( f ) has been analyzed by Field and Bergeman. 11 In the most simple case of a weak rf field one would arrive at the Lorentz shape contour
where the full width at half maximum ͑FWHM͒ of the rf resonance is ⌫/, thus accounting for two natural widths originating from the two ⌳ components contribution of ⌫/2 each. In Eq. ͑1͒ we neglect power broadening due to ac Stark effect. The estimations based on the approach given in Ref. 13 show that a small enough rf voltage is yet able to cause electric dipole transitions between the ⌳-doublet components. Both evaluations and test measurements carried out with different rf field amplitudes allowed us to assume that one can neglect the power broadening effects in the particular experimental conditions. In particular, special experiments which included the diminishing of rf field amplitude from 5 to 1 V did not reveal any changes in signal width, thus confirming for us that one can neglect the power broadening effects. A typical experimentally obtained fixed optical frequency, a rf swept rf-ODR signal recorded at the ''allowed'' Q-line originating from the D 1 ͟ state level vЈ(JЈ)ϭ4 (19) is presented in Fig. 1͑a͒ , while the analogous signal for the ''forbidden'' line originating from 11͑46͒ is presented in Fig.  1͑b͒ As it has been shown in our treatment of the hyperfine ͑HF͒ interaction performed in Ref. 14, one can expect some small HF broadening effect upon the resonance signal. Owing to the ⌬Fϭ0 selection rule, the HF broadening of the rf signals can be caused only by the difference in the HFS splitting of e and f components. The main cause of such effect for nonperturbed D 1 ͟ state levels is due to the presence of nonzero off-diagonal ͑transversal͒ matrix elements of the electric quadrupole HF interaction operator. Preliminary estimations 14 of HF structure constants performed by an internally contracted configuration-interaction method have shown that the HF broadening effect on the rf-ODR signals is rather small, being of the order of ϳ0.5 MHz. This broadening effect has been taken into account by a subsequent correction of experimentally measured ⌬ To exclude the influence of singlet-triplet interaction effects on empirical determination of D -X transition moment functions, the experimental data for the perturbed v(J) levels 11͑46͒ and 12͑7͒ were excluded from the data processing routine.
III. EMPIRICAL DETERMINATION OF TRANSITION DIPOLE MOMENT FUNCTIONS

A. Method
It is well known that both radiative lifetimes ( iv Ј J Ј ) and relative vЈJЈ→vЉJЉ fluorescence intensities (I i j vЈJЈvЉJЉ ) can be used for the empirical determination of R dependence of the transition moment i j (R):
where 8 2 /3ប⑀ 0 ϭ2.026ϫ10 Ϫ6 , ⑀ 0 is the permittivity of vacuum, is in s, i j in a.u., and i j is the rovibronic transition wave number in reciprocal centimeters. Here nϭ3 under photon counting and nϭ4 under intensity measurements in energy units, S J Ј J Љ is the Hönl-London factor, v max Љ corresponds to the band with maximal intensity within a given progression, and i j vЈJЈvЉJЉ is treated as
where a k are the desired fitting parameters, while the wave functions ͑WFs͒ ͉v J ͘ϭ vJ (R) are the eigenfunctions of the radial Schrödinger equation:
Here m is the reduced molecular mass,
2 is the effective ͑centrifugally distorted͒ internuclear potential function, and U BO (R) is the rotationless potential based on the Born-Oppenheimer ͑BO͒ separation. The BO potentials can be obtained from direct ab initio calculations, as well as from experimental rovibronic level positions either by the semiclassical Rydberg-KleinRees ͑RKR͒ inversion procedure, or in the framework of a full quantum-mechanical inverted perturbation approach ͑IPA͒. 18 In most practical cases the empirical RKR and IPA potentials are essentially more accurate than their ab initio counterparts. For this reason, only the empirical potentials have been exploited in the present study since the conventional spectroscopic information ͑Dunham molecular constants͒ required for their construction is available for all electronic states under consideration. To solve Eq. ͑5͒ numerically, we implemented the iterative renormalized Numerov algorithm 19 combined with the Richardson extrapolation. 20 An efficient phase-matching method was employed to find the eigenvalues. 21 This construction allows one to reduce the absolute errors in rovibrational WFs and in the corresponding overlap integral matrix elements to 10 Ϫ5 -10 Ϫ6 . The accuracy of the overlap integrals was estimated by calculating the so-called ''noise factors:'' s i j ϭ͉͗v i ͉v j ͉͘, where i j and ͉v i ͘, ͉v j ͘ are vibrational WFs of a given electronic state. The deviation of s i j values from zero is a measure of the nonorthogonality of the calculated WFs.
It is obviously enough to record only one fluorescence progression in order to determine the relative R dependence of the transition dipole moment, whereas values for a number of rovibronic vЈ, JЈ levels are required for the same purpose in case lifetimes are used. At the same time, relative intensities do not allow one to gain the absolute values of the transition moment. From these considerations, the following procedure is usually exploited to determine the i j (R) function. First, by using relative intensities of LIF progression originating from the particular upper rovibronic level, the relative transition moment function is determined, which is subsequently normalized with respect to the experimental lifetime of the vЈ, JЈ level. 22 Besides, the i j (R) function is usually expanded in a power series of R ͓see Eq. ͑4͔͒, which can be transformed into one-parametric function i j (R c ) using the so-called R-centroid approximation:
͑6͒
It is this method which has been used by PSZ 6 in order to determine the normalized absolute transition moment function for the D -X transition in NaK as DϪX (R)ϭϪ6.0 ϩ2.3R ( in debyes, R in angstroms͒, see the dependence in ͑1͒ Replacement of exact equation ͑2͒ by the approximate expression
where ⌬U i j (R)ϭU i (R)ϪU j (R) is the difference potential between i and j electronic states. [25] [26] [27] Approximation ͑7͒ is based on the additional assumption that the difference potential is independent of J, and ͉v J Ј Ј ͘Ϸ͉v J Ј Ϯ1 Ј ͘, thus allowing one to perform separate summation over vЉ and JЉ in Eq. ͑2͒. As a result, the sum of Hönl-London factors yields 2JЈϩ1, and the rotational factor in Eq. ͑7͒ vanishes. ͑2͒ The simultaneous employment of relative intensities for a number of LIF progressions and lifetime data for the overall set of rovibronic levels in a weighted nonlinear leastsquares method ͑LSM͒ fitting by means of Eqs. ͑3͒ and ͑7͒.
Let us stress that the use of the approximate expression ͑7͒ practically does not cause any additional inaccuracy in the i j (R) determination since, as was shown by a direct numerical comparison of Eq. ͑7͒ with the exact Eq. ͑2͒, 27 the relative error of the values obtained by Eq. ͑7͒ does not exceed 0.002% for all levels under consideration. Thus, formula ͑7͒ can be, in some sense, considered as an ''exact'' one since the accuracy of both lifetime measurements and ab initio transition dipole moment calculations are still essentially lower than the accuracy of approximation ͑7͒.
The present approach has the following advantages in comparison with the conventional one: ͑i͒ Formula ͑7͒ avoids the necessity of solving a complete eigenvalue and eigenfunction problem for lower states, being most efficient for distant states and nondiagonal systems. ͑ii͒ Formula ͑7͒ is much simpler than the exact sum given by Eq. ͑2͒, thus allowing one to apply the more stable linear LSM for empirical i j (R) determination from the experimental lifetime values instead of the tedious nonlinear fitting procedure required for the direct application of Eq. ͑2͒. ͑iii͒ The present approach goes beyond the frame of the R-centroid approximation ͑6͒ which, as is known, may cause considerable errors in i j (R) determination, especially when a weak fluorescence band ͑that is, with small FCF values͒ is exploited. 24, 17 Since the inversed lifetime ͑2͒ is the sum of probabilities of transitions into all lower levels, the individual dipole moment for a transition into a particular state may be obtained explicitly only in two cases: ͑a͒ the sum is reduced to a single term, i.e., only a transition into the ground state is possible; ͑b͒ the sum is dominated by one strong term, which is likely to occur in cases of comparatively high transition frequency i j ͑since iv Ј J Ј Ϫ1 is proportional to i j 3 ), or in cases when all transitions but one are ''forbidden,'' i.e., they have very small transition probabilities. Thus, strictly speaking, one may use lifetime measurements to normalize the available relative intensity data only if all relative probabilities ͑branching coefficients͒ contributing to the sum ͑2͒ are known. 28 It is also worth mentioning that experimental lifetimes and relative intensities exploited for determination of the empirical transition dipole moment must correspond to unperturbed levels, otherwise the deperturbation analysis is certainly required before any fitting procedure. tively low JЈ levels (JЈϽ40), 8 most of the lifetimes being averaged over several rotational levels, we have evaluated the expectation values of ⌬U i j 3 (R)R k operators using vibrational WFs corresponding to JЈϭ30. Then, the experimental lifetimes given in Ref. 8 , along with obtained rovibronic matrix elements, have been processed by a linear LSM procedure in order to obtain the fitting parameters a k . The singular value decomposition ͑SVD͒ of the plan matrix was used to control the linear dependence of the normal equations arising in LSM. 31 The resulting empirical B-X em (R) function ͑the bold solid line in Fig. 4͒ takes the Fig. 3 ͑the bold solid line͒. Note that, although there is one more formally allowed electronic transition from B 
To check the self-consistency of experimental lifetime and relative intensity data we have exploited them independently of each other in order to obtain, in two different ways, the empirical (R) functions for the same D -X transition. Tables I and II 6 in the course of exploiting their data we have used the correct cubic relative intensity dependence on transition frequency , that is, taking nϭ3 in Eq. ͑3͒ instead of nϭ4. This correction is based upon the fact that intensity measurements in Ref. 6 have been performed by detecting the numbers of photon counts using the photon counting regime. Besides, we have exploited the X 1 ͚ ϩ state RKR potential based upon essentially improved molecular constants, tions go steeply toward the value of the transition dipole moment between 3 P and 3S states of the Na atom ͑2.52 Ϯ0.04 a.u. 34 ͒, which is exactly what should be expected if one remembers that the interacting D 1 ͟ and X 1 ͚ ϩ states dissociate into (3 P)Naϩ(4S)K and (3S)Naϩ(4S)K atomic limits, respectively. At the same time, the present functions are significantly different from the PSZ 6 and KN 7 empirical functions. The above discussion allows us to suppose that the present empirical D-X int (R) and D-X (R) functions are more reliable than the dependencies presented by PSZ 6 and KN. 7 Finally, the relative intensities for four progressions given by PSZ, 6 along with lifetimes data for the overall set of rovibronic levels given in Table I , have been processed simultaneously by a weighted nonlinear LSM fitting procedure exploiting Eqs. ͑3͒ and ͑7͒, yielding the following unified empirical (R) ͑a.u.͒ which is reliable within the range 3.3ϽR(Å)Ͻ6.0 ͑the bold solid line in Fig. 6͒ .
IV. AB INITIO CALCULATIONS
The transition dipole moment functions have been computed using the finite-field ͑FF͒ technique [35] [36] [37] which is known as an efficient tool for ab initio studies of electric properties of molecules in pure electronic states. The generalization of the FF technique for transition property calculations is rather straightforward and can be briefly presented as follows. A molecule placed in external uniform electric field with intensity F is described by the Hamiltonian
where H(0) denotes the Hamiltonian of the free molecule and ϭϪ(‫ץ‬H/‫ץ‬F) is the conventional electric dipole operator. Exact F-dependent eigenfunctions ⌿ i , ⌿ j and eigenvalues E i , E j of H should satisfy the off-diagonal HellmannFeynman relation:
͑11͒
The central two-point finite-difference approximation for the derivative on the right-hand side of Eq. ͑11͒ at Fϭ0 provides the following working formula of the FF method for the transition moment in a free molecule:
where ⌬ is a numerical differentiation step size. Since Eq. ͑11͒ generally does not hold for approximate wave functions ͑WFs͒ resulting from practical ab initio calculations, the estimate ͑12͒ can differ from the corresponding off-diagonal electric dipole matrix element ͑dipole length form of the transition moment͒ computed with the same approximate electronic WFs. As has been demonstrated recently, 38 the FF results are normally more stable with respect to the level of electronic correlation treatment than their dipole-length analogs. This advantage of the FF technique seems to overcome its evident drawbacks which consist of limited numerical accuracy because of rounding errors for small ⌬ and significant nonlinear contributions when ⌬ is large, as well as the necessity to perform at least two series of calculations with different F values. One should also realize that the external field can lower the symmetry of the system under study, thus giving rise to additional computational work. For instance, the FF calculations on the ͚ -͟ transition moments in NaK should be performed in C s symmetry, and the states involved in the transitions have the same symmetry (AЈ) in the presence of an external field.
A quantitative ab initio description of excited electronic states of NaK requires an adequate reproduction of complicated valence configuration mixing strongly affected by the core-valence correlations. At the all-electron level of the theory, this implies the necessity to correlate a rather large number of electrons ͑including at least outer core shells of both atoms͒ within an inherently multiconfigurational ͑i.e., multireference͒ approach. In the present study the calculations of the WFs in the finite field were carried out by the many-body multipartitioning perturbation theory ͑MPPT͒.
9
With an appropriate choice of model ͑reference͒ space, this approach may take advantage of the physically grounded separation of electron correlation effects into valence and core-valence correlations, properly taking into account their interplay. Offering the possibilities to maintain strict size consistency and to treat vast model spaces without any risk of instabilities caused by intruder states, the second-order MPPT appears to be ideally suited to our task.
We used a recently developed MPPT code 39 interfaced to the MOLCAS suite of programs for electronic structure calculations. 40 Two basis sets were employed in our study. The smaller one, (14s10p4d1 f )/͓7s5p3d1 f ͔Na, (15s13p4d1 f )/͓9s7p3d1 f ͔K ͑hereafter referred as B-I͒ was obtained from the standard basis for electric property calculations 41 by decontracting the outermost d functions and adding the f functions with exponential parameters 0.06͑Na͒ and 0.04͑K͒. The larger one, referred as B-II, comprised additional single sets of diffuse s, p and d functions ͑exponential parameters 0.0033, 0.0019, 0.016 and 0.0025, 0.0013, 0.007 for Na and K, respectively͒, however the original contraction of the d shell proposed in Ref. 41 was restored. Orthogonal molecular orbitals were generated by solving the state-average self-consistent field ͑SCF͒ problem for the two lowest 2 ͚ ϩ states of NaK ϩ . The model space for MPPT calculations with B-I basis was the full valence configuration-interaction space, or, in other words, it comprised the configurations with doubly occupied core molecular orbitals and all possible arrangements of two valence electrons among the valence and virtual orbitals. When the larger basis ͑B-II͒ was used, we had to restrict the model space size to ϳ500, omitting the valence configurations with negligible contributions to the WFs of interest. This choice of model spaces guarantees a strict ͑B-I͒ or a very good approximate ͑B-II͒ size consistency of results. Within the model space, we have constructed a state-selective Hermitian effective Hamiltonian 9,42 with five 1 AЈ target states which corresponded to the three lowest ͚ and two ͟ singlet states of the free molecule. The effective Hamiltonian incorporated the core-valence correlation and core polarization effects at the second order in MPPT. At the perturbation step the in-
nermost core orbitals 1s͑Na͒, 1s2s2p͑K͒ were frozen, i.e., 18 electrons were explicitly correlated.
The external electric field intensities corresponded to the step size ⌬ϭ10 Ϫ4 a.u.; additional calculations with ⌬ values in the range 10 Ϫ5 р⌬р2ϫ10 Ϫ4 a.u. provided the i j FF estimates which were stable within 10 Ϫ3 a.u. The overlap integrals entering the FF formula ͑12͒ for transition dipole moments have been evaluated with the valence eigenfunctions obtained by diagonalizing the effective Hamiltonian. Although the direct contributions to these integrals from coreexcited configurations were thus ignored, the use of the FF scheme allowed us to incorporate implicitly the corresponding contributions into transition moment estimates ͑see the Appendix͒. Moreover, owing to the ''perturb-thendiagonalize'' strategy realized in our approach, the influence of core-valence correlations on i j FF values via correlation interference effects 43, 44 was fully taken into account. The importance of core-valence correlation effects are demonstrated by the comparison of MPPT transition moments with the full valence CI ones in Fig. 7 . Notice that the popular polarization pseudopotential technique 1, 2, 45 gives a less adequate description of these effects since: ͑1͒ the two-particle effective interactions of valence electrons arising from core-valence correlations cannot be properly fitted by any one-particle pseudopotential; ͑2͒ the direct contributions from coreexcited configurations to any property other than the energy are completely ignored; ͑3͒ the spurious contributions to transition moments arising from nonorthogonality of valence pseudo-WFs to the core, in contradistinction with similar contributions to the total energy, are not automatically countervailed. The high accuracy of the transition moments for free non-valence-electron atoms computed by the pseudopotential method 2 imply that the two latter factors should not be of crucial importance. In contrast, the effective two-particle interactions in the valence shell can affect the valence part of the WFs and therefore the characteristics of valence transitions.
The resulting Table II and plotted in Figs. 4 and 6 , respectively. Let us first note that the i j estimates obtained with two different bases ͑B-I and B-II͒ are almost identical. The discrepancy exceeds 1% only for the D -X transition at very short internuclear distance (R р3.5 Å͒. The B-X and D-X ab initio data closely fit the corresponding empirical transition moment functions obtained in Sec. III. Unfortunately, the accuracy of the computed D 1 ͟ -A 1 ͚ transition moment ͑Table II͒ cannot be directly estimated from the available experimental data since intensity measurements of the D 1 ͟ -A 1 ͚ transition are absent and the contribution of the D 1 ͟→A 1 ͚ channel to the radiative decay of the D 1 ͟(vЈ,JЈ) levels is rather small ͑Table III͒. It is worth noting the qualitative agreement of our transition moment functions with the RKS data; quantitative differences can be explained by the simplified treatment of core-valence correlations and the use of rather restricted valence basis sets in the pseudopotential calculations. 2 The relative strengths of the remaining allowed transitions As it was already shown, the introduction of a centrifugal distortion term into the effective potential U J (R) in Eq. ͑5͒ is definitely required to properly take into account the rotation effect on vibrational WFs for high JЈ levels, since the rotation effect can dramatically change the magnitude of small rovibronic matrix elements ͑4͒ corresponding to small Franck-Condon factors ͉͗v J Ј Ј ͉v J Љ Љ ͉͘ 2 . 17 Obviously, the rotation effect has to cause lifetime variation with rotational quantum number JЈ. Indeed, under the simplest harmonic approximation, the lifetime JЈ dependence for a given vibrational level vЈ can be expressed by means of Eq. ͑7͒ in the following analytical form: Table I . Indeed, at JЈϭ1 our lifetime calculations for these levels performed with semiempirical transition moments yielded larger values, namely v Ј ϭ10 (JЈϭ1)ϭ19.3 ns and v Ј ϭ17 (JЈϭ1)ϭ17.1 ns. At the same time, Eq. ͑13͒ with ␥ D 1 ͟ ϭ6.6ϫ10 Ϫ6 gives the values v Ј ϭ10 (JЈϭ102)ϭ18.0 ns and v Ј ϭ17 (JЈϭ94) ϭ16.2 ns which agree with the experimental results. Thus, the rotation effect leads to a noticeable ͑Ϸ1.5-2.0 ns͒ contribution to the lifetimes of high JЈ levels for both states under study. As is well known, the probability densities of 
VI. CONCLUSIONS
Excellent agreement between ab initio and empirical A possibility has been demonstrated allowing one to determine the absolute transition dipole moment function (R), in wide R range, by means of the approximate relation ͑7͒ and the experimental data on lifetime variations with vibrational and rotational quantum numbers. The approach was employed successfully to describe the B 1 ͟ -X 1 ͚ ϩ transition in which relative intensity data are absent. Satisfactory agreement between the results obtained applying Eq. ͑7͒ and the ones gained from the relative intensities by applying Eq. ͑3͒ with nϭ3 has been achieved in the case of
ϩ transition dipole moment function (R) has been improved considerably by means of: ͑a͒ extension of the (vЈ,JЈ) range of the experimental lifetime data; ͑b͒ corrected description of relative intensities measured by the photon-counting regime ͓nϭ3 in Eq. ͑3͔͒; ͑c͒ simultaneous fitting of lifetime and relative intensity data; ͑d͒ taking into account implicitly the JЈ dependence of experimental lifetime values in fitting procedures.
The combination of the finite-field ͑FF͒ technique and many-body multipartitioning perturbation theory ͑MPPT͒ has been shown to be adequate for obtaining reliable transition dipole moment values owing to a proper description of the core-valence correlation contributions into transition moment estimates. by the research group ''Interaction of Oriented Molecules'' of the Center for Interdisciplinary Research ͑ZiF͒ at the University of Bielefeld is gratefully acknowledged by one of us ͑M.A.͒. We are especially grateful to graduate student Janis Alnis for his considerable help in fixing the setup and participation in measurements.
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APPENDIX
Let us assume that the basis configuration state functions do not depend on the field intensity F. In the present study this is ensured by the use of nonrelaxed molecular orbitals of the free (Fϭ0) NaK ϩ ion in the calculations on NaK for any field intensity. Denoting the model-space and outerspace basis functions by ͉m͘,͉n͘ . . . and ͉a͘,͉b͘ . . . , respectively, and introducing the model-space projector P ϭ ͚ m ͉m͗͘m͉ which is also independent of F, we can write down the F-dependent second-order Hermitian effective Hamiltonian in the form: ‫ץ‬F ͉ Fϭ0 .
͑A4͒
One easily notices that Eq. ͑A3͒ resembles the expression for the first-order effective electric dipole operator: Provided that ͉D ma ϪD na ͉Ӷ͉D ma ͉ ͑this requirement is normally satisfied at least for model space configurations ͉m͘, ͉n͘ with large weights in the target vector expansions͒, the M matrix elements between the target states should approach the corresponding eff [1] matrix elements:
͗⌿ i ͉M ͉⌿ j ͘Х͗⌿ i ͉ eff [1] ͉⌿ j ͘.
͑A6͒
Since eff [1] is Hermitian, its eigenfunctions ⌿ i , ⌿ j , i j satisfy ͗⌿ i ͉⌿ j ͘ϭ0, ͗⌿ i ͉H eff [2] ͉⌿ j ͘ϭ0.
͑A7͒
Differentiating Eq. ͑A7͒ with respect to field intensity and taking into account Eq. ͑A4͒, one readily arrives at a Hellmann-Feynman-like relation
͑A8͒
Although the functions ⌿ i ,⌿ j are restricted to the model space and do not comprise any contributions from outer-space ͑core-excited͒ configurations, Eq. ͑A8͒ clearly indicates that FF transition dipole moment estimates computed with these functions implicitly incorporate the bulk of such contributions entering the first-order effective electric dipole operator ͑A5͒. To achieve a similar level of accuracy with the dipole-length formula, one should explicitly construct the first-order effective operator ͑A5͒ or, equivalently, evaluate the outer-space part of the WFs using first-order wave operator.
